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Abstract: In March 2009, surface and subsurface soil samples were collected from six
agricultural fields near Decatur, Alabama area where sludge from the Decatur Utilities had been
applied for more than 12 years. Soil samples were also collected at one background field, an
area where sludge had not been applied.

The results of analysis of the surface soils samples for selected perfluorinated chemicals (PFCs)
and fluorotelomer compounds (FTCs) were provided in an earlier report. In this second report,
we summarize results of PFC and FTC analyses for the subsurface soils.

Subsurface soil samples from the sludge-applied fields had soil concentrations of
pertluorooctanoic acid (PFOA) at least 14-times that of the background field. The contrast in
[PFOA] between sludge-applied and background subsurface soils exceeded that for most other
perfluorocarboxylic acids (PFCAs). Perfluorooctane sulfonate (PFOS) concentrations in the
subsurface soils of the sludge-applied fields ranged from about equal to background values to
nearly 100-times that of the background field.
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1. Introduction

For the last 12 years, Decatur Utilities, of Decatur, AL, has been authorized to apply
sewage sludge on about 5000 acres of local agricultural land (Neill, 2009a). The United States
Environmental Protection Agency (USEPA) collected (Neill, 2007) and analyzed (Washington et
al.. 2009a) a limited number of sludge and soil samples from this operation. The results
documented the presence of several fluorotelomer alcohol (FTOH) and perfluorinated
compounds (PFCs) in the land application soil samples.

The USEPA subsequently collected (November 13, 2008) and analyzed drinking water
samples from a few Decatur, AL public drinking water supplies (Neill, 2009a). No levels of the
perfluorooctanoic acid (PFOA) or perfluorooctane sulfonate (PFOS) were observed above the
Provisional Health Advisories (USEPA, 2009) in these municipal drinking water samples
(Washington et al., 2008a). In February 2009, the USEPA collected additional water samples
from selected private wells, field wells, agricultural ponds, and surface waters located in and
immediately around the land application fields. Elevated levels of some PFCs (Lindstrom et al.,
2009) were found in some of these samples.

Additional samples of surface soils, subsurface soils were collected in March 2009 to
characterize the extent and magnitude of the PFC contamination in the land application area
(Neill, 2009¢). These samples were analyzed for a variety of perfluorinated chemicals (PFCs)
and fluorotelomer alcohols (FTOHs) using Standard Operating Procedures (SOPs) developed at
ERD for the characterization of these analytes in surface soils. Quality control practices
included as part of these SOPs, specifically, the recovery of mass-labeled internal standards,
indicated that the PFCs in the subsurface soil samples were incompletely extracted using the
SOP which was developed using surface soils. Consequently, only data for the surface soils
were reported in our earlier report (Washington et al., 2009b) so that a method suitable for the
analysis of PFCs in subsurface soils could be developed and, subsequently, all data for
subsurface soils could be reported together. Now having developed a method for the PFC
analysis in subsurface soils, here we report these subsurface-soil data as the second volume
(Volume 1I) of a series with the original report (Volume I; Washington et al., 2009b); these
reports are intended to be studied in tandem.

2. Methods

Volumes I (surface soils) and II (subsurface soils) share several common factors in their
genesis: i) soil collection methods and transport to laboratory; ii) sample preparation for
extraction; iii) extraction for analysis of fluorotelomer alcohols (FTOHs) and similar analytes on
a gas chromatograph interfaced with a mass spectrometer (GC/MS); and iv) analytical methods
for the extracts on both the GC/MS and a liquid chromatograph interfaced with a tandem mass
spectrometer (LC/MS/MS). Consequently, in this volume, we describe only those procedures
that differ from those employed for the surface soils, quality-control data that characterize the
soundness of subsurface-soil data, and all analytical results for the subsurface soils. All
procedures shared for the generation of both surface and subsurface soil data were reported in
Volume [ (Washington et al., 2009b).



Fluoro-compounds in Decatur Sub-Soils -4- November 24, 2009

2.1 Sample Collection

Soil samples were collected by USEPA Region 4 personnel during the period March 23-
25, 2009 following the procedures described in the USEPA Region 4 Quality Assurance Project
Plan (Neill, 2009b) and the corresponding trip report (Neill, 2009c).

The sampling equipment was supplied and prepared by scientists from Region 4’s
Science and Ecosystem Support Division (SESD) and the National Exposure Research
Laboratory’s Ecosystems Research Division (NERL/ERD), both located in Athens, GA. The
sampling equipment was constructed of stainless steel materials and washed three times with
Optima-grade methanol (MeOH) prior to and between uses. Subsurface soil samples were
collected using hand augers and pans. Sample-depth intervals (Table 1) were chosen with the
objective of collecting soil from the upper portion of the B horizons, as well as a deeper interval
of within the B horizons. The soil samples were stored individually in certified-clean, 500 mL,
wide-mouth high-density polyethylene (HDPE) containers. The sample containers and the
MeOH-washed sampling equipment were determined to be free of contamination for the
intended analytes before the sampling trip.

Quality-control samples taken to the field included Ottawa sand that has been shown to
be low in the target analytes and a commercial top soil, the Cowart soil, for which the general
range of concentrations of a variety of analytes has been documented (Washington et al., 2007,
2008b). Additionally, samples were collected from a background field that has not received any
sludge application and is located near the sludge-application fields. Also, duplicate field samples
were collected from selected locations in the sludge-applied fields.

2.2 Extraction of Subsurface Soil Samples for PFC Analyses on the LC/MS/MS

The surface-soil data for LC/MS/MS parameters were generated from extracts that were
prepared in accordance with Standard Operating Procedure (SOP) PMB 59.0, an SOP that we
developed specifically for sludge-treated soils using surface-soil samples collected from Decatur
in the 2007/2008 reconnaissance survey (Neill, 2007; Washington et al., 2009a).

When we analyzed the 2009-survey subsurface soils using PMB 59.0, the recoveries of
the mass-labeled internal standard uniformly were quite low indicating unsatisfactory extraction
efficacy for the subsurface soils. In our attempts to overcome this artifact, we investigated
extracting the soil samples on a Labquake rotisserie as opposed to the Eberbach shaker table that
we used in the original extractions. The premise of this change was that subsurface soils
generally have higher clay concentrations than do surface soils, and, consequently, subsurface
soils might have a greater tendency to cohere and compact into relatively impermeable plugs.
Whereas the shaker table oscillates back-and-forth with the soil plug remaining at the bottom of
the tube, the rotisserie rotates the sample tubes end-over-end so that the relatively dense soil
cascades through the extracting solution with each half revolution.

Because we were investigating causes for the low recovery of the subsurface soils, we
sought to simplify our éxtraction to remove sources of uncertainty as to where the poor recovery
arose. Given this incentive, we first analyzed our extracts on the LC/MS/MS without the ion-
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pairing cleanup step that we normally employ to subdue background noise on the mass
chromatograms.

Other than these two deviations in practice, i.e., rotisserie vs. shaker table, no ion-pairing
cleanup, all extraction procedures for the subsurface soils are identical to those described in
PMB 59.0. Because results of this effort proved satisfactory for our quality-control criteria, no
other extraction procedures were investigated. Descriptions of the samples extracted for this
effort are given in Table 1.

2.3 Sample Analysis

As indicated above, LC/MS/MS analytical procedures were identical to those described
tor the surface soils in Volume I. Since limits of quantitation (LOQs) for this method are defined

uniquely using data for each sample run, we summarize the LC/MS/MS-run parameters here in
Tables 2 and 3.

3. Quality Control

The sample analytical processes included prescribed quality control (QC) procedures to
document data quality and analytical performance as defined in the ERD Quality Assurance
Project Plan (March 26, 2009) and as described below.

3.1 Field Blanks

Field blanks were used to check for contamination that might arise from any source in the
study. Study field blanks consisted of commercially purchased Ottawa sand which has been
documented to have low or no detectable levels of the targeted analytes (Washington et al., 2007;
Ellington et al., 2009). Two field blanks were prepared by pouring the Ottawa sand into the
cleaned HDPE soil-sample containers, labeling the containers, and transporting the containers to
and from the field without opening. Upon return to the laboratory, the field blanks were handled,
extracted and analyzed exactly like all the soil samples. For field blanks, repeated extractions
should fall within 15% of each other or be less than the method level of quantitation (LOQ).

3.2 Field Duplicates

Duplicate soil samples provided a metric of the repeatability of the combined effects
from heterogeneity of the distribution of analytes at the sampling scale in the field, variation in
sampling or laboratory techniques, variation in sample containers or reagents, and/or analytical
uncertainty. These data reflect the heterogeneity of the sample material in the field and provide a
measure of the reproducibility of results for samples collected with the objective of being
morphologically and geographically identical at the field scale.

3.3 Background Field Samples

Background field soil samples served as a means for characterizing the local or regional
soils PFC and/or FTOH contributions, if any. Background field sample values were compared
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with the land application area soil samples to characterize the extent and magnitude of PFC and
FTOH contamination. Background soil samples were collected from an agricultural field (S101)
where sludge was not applied. This background field was located near the sludge-treated fields.
For background field samples, repeated extractions should fall within +15% of each other or be
less than the LOQ.

3.4 Laboratory Procedure Blanks

The full extraction procedure was performed in empty polypropylene copolymer (PPCO)
tubes identical to those used to extract the soil samples. These data should fall below the LOQ
and are used to document that the extraction solvents and containers are free of the targeted
analytes.

3.5 Laboratory Solvent Blanks

Laboratory solvent blanks, consisting of 60/40 ACN/H,0, with and without matrix
internal standards, were injected periodically during the sample runs. These data were used to
demonstrate the eluents were free of the target analytes and that there was no sample “carry-
over” from incomplete elution off the analytical column.

3.6 Laboratory Fortified Soil Extracts

Fortification of samples with target analytes provided data for verifying that the observed
peaks are attributed correctly and that the quantitation is accurate. After initial LC/MS/MS
analyses were completed, six samples were selected, split into a second pre-weighed autosampler
vial, reweighed and fortified with a weighed amount of a standard. These fortified samples were
then analyzed and the analytical concentrations compared to the theoretical concentrations, with
the quality criterion being that measured values should fall within + 30% of the calculated
values.

3.7 GC/MS Identification of FTOHs in Soil Extracts

Targeted FTOH analytes were identified via GC/MS analysis using fragment ions and by
the comparison to standards retention times (Tables 4 & 5; Figure 3 of Volume I). Both the
GC/MS quantification ion and qualification ion were monitored for confirmation.
Derivatizations with trimethylsilylimidazole (TMSI) were performed on selected samples to
confirm the results and to ensure there were no interfering compounds and/or peaks (Figure 4 of
Volume I).

3.8 Laboratory Recovery Internal Standards

Internal standards were used to document extraction recovery efficacy and the overall
analytical accuracy. Known amounts of mass-labeled internal standards were added to all soil
samples before extraction. Since mass-labeled recovery standards commonly contain small
amounts of the unlabeled molecule, care was taken to avoid contaminating the samples with
unlabeled analyte (Washington et al., 2007). Care was also taken to ensure the internal standards
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for the sample extracts requiring several-fold dilutions for calibration weren’t diluted below the
[.LOQ. The recovery internal standard added to LC/MS/MS analysis samples was BCg-labeled
perfluorooctanoic acid (*Cg-PFOA). The recovery internal standard added to GC/MS analysis
samples was H,"C,-8:2 FTOH. Using these internal standards, mean back-predicted values for
all standards used to generate the calibration curves should fall within the acceptable quality
criterion of = 30% of the nominal values (Tables 6 and 7).

4. Results
4.1. Sample Completeness

All the subsurface soil and QC samples planned for this study were collected, analyzed,
and reported (Table 8). A total of six sludge-applied subsurface soil samples were collected
from the one field where sludge had been applied. Two subsurface soil samples were collected
at the background site. Of these samples, all the collected subsurface soil samples were analyzed
for PFCs and FTOHs, and reported upon herein.

4.2 Standard Curve Back-Prediction

Tables 6 and 7 summarize the mean back-calculated values for the calibration curve
standards for each PFC and FTOH, respectively. Mean back-calculated values for all standards
above the LOQ are within the quality criterion of + 30% of the calculated value.

4.3 Blanks Taken to the Field and Background Fields

Tables 9 and 10 document the expected low to non-detect PFC and FTOH analyte levels
for the QC sand and QA soil samples. For the sand blanks, analyte values all were less than the
L.OQ values except for C8 which was detected slightly above the LOQ (Tables 9 and 10).

Tables 11 and 12 document the expected low to non-detect PFC and FTOH analyte levels
tor the background field samples. Most background sample analytes fell below the LOQs and
the few detected analytes fell moderately above the LOQ. Out of the six low-level detections in
these background samples, one fell outside of the acceptable quality criterion for repeated
extractions (+ 15% of each other). These few non-compliances likely reflect the challenge of
detecting values near the LOQ as well as heterogeneity in the sludge-applied soil samples.

+.4. Field Duplicates

Tables 13 and 14 summarize the field duplicate sample PFC and FTOH results
(respectively) and associated percent relative difference (%RD). Duplicate sample results for the
targeted acid species, PFOS, and the majority of the FTOH species are considered very good
(<50% RD). Some of the duplicate sample results for 7:2s FTOH, 12:2 FTOH and 14:2 FTOH,
however, exceeded the general range of other analytes, 50% RD. Consequently Table 14
includes within-sample FTOH results as well. The results of analysis on two extractions of the
same sample yielded uniformly good results (<30%). Therefore, the high variability seen
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between different duplicate sample FTOH analytes most likely reflect true heterogeneity in the
field samples.

4.3. Standard Addition and Precision of Analyses

The average recovery for the added concentration of PFC standards to the soil samples
(Table 15) was within the acceptable range of £30% of calculated values. The precision
associated with two repeated injections of twelve FTOH sample extracts was <15% for all
analytes (Table 16). These data confirm a satisfactory degree of analytical precision for both the
acids and alcohols measured and reported for this study.

4.6 GC/MS Confirmation of FTOHs in Soil Extracts

Figure 3 of Volume I shows the GC/MS technique for identifying 14:2 FTOH analyte
using the qualifying fragmentation ions and the elution shift after TMSI derivatization. Figure 4
of Volume I depicts the elution shift for the analytes, confirming their identities (e.g. the 8:2
FTOH peak disappears and the expected 8:2 FTOH derivative peak (-TMS replaces H) is
detected in the TMSI treated extract).

4.7 Subsurface Soil Sample Results

Tables 17 and 18 summarize the results of analysis of the subsurface soil samples for the
targeted PFCs and fluorotelomer alcohols, respectively. Subsurface soil PFOA concentrations
ranged from 3-80 ng/g soil (ppb), one to two orders of magnitude above background (Table 11).
Subsurface soil PFOS concentrations ranged from 0.2-20 ng/g soil (ppb), up to two orders of
magnitude above background (Table 11). Generally the highest PFC mass concentrations were
for PFOA (C8) and PFNA (C9). Of the S4-S8 sulfonates, PFOS was detected more commonly
than all other sulfonates together. No unsaturated telomer acids were detected in the subsurface
soil samples.

Recovery of the internal FTOH standard was satisfactory for all samples (Table 1).
FTOHs and the 8:2 fluorotelomer acrylate (FTAc) mostly went undetected in the subsurface soil
samples (Table 18). The only exception was 8:2 FTOH was detected at low levels in four of six
subsurface soil samples.

5. Discussion

These sample-analysis results suggest that the majority of the Decatur subsurface soils in
the land application area have concentrations of numerous PFCs above the background levels,
but that FTOHs are not elevated or only marginally so relative to background values. In general
the highest mass-basis concentrations of the perfluorocarboxylic acids were the C8 through the
C10 acids; values commonly fell in the 1-80 ng/g range. Among the analyzed sulfonates, only
PFOS was detected, with mass-basis concentrations falling in the same general range as the C8
through C10 carboxylic acids.

B
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Table 1 Sample Descriptions, Extract Dilutions & Internal Standard Recovery for
Subswface-Seils Analytical Run

Recovery
Sample-Depth| Nominal Soil Standard %o
Interval Dilution Ratio Recovery (1)

Sample ID |Sample Description (cm) LCMSMS| GCO/MS LCMSMS| GCMS
S141A2  |Intermediate Subsutface Grab 36 - 51 11 12 853 1019
S141A3  [[Deep Subsutface Grab 152 - 165 11 12 856 1000
S14-10B2 |Intermediate Subsutface Grab 41 - 56 1.1 12 929 969
S$14-10B3 |[Deep Subsutface Grab 152 - 165 1.1 12 787 97.4
S$14-10C2 |Intermediate Subsutface Grab 41 - 56 1.1 12 T6.4 108.8
$14-10C3 |Deep Subsutface Grab 152 - 165 1.1 12 893 107.5
Background Field Samples
S101-A2  ||Subsutface Grab 38-33 11 12 834 120
$101B2  [Subsurface Grab 38-353 11 12 728 104
Field Quality Controls '
acA Ottawra Sand 11 12 852 116
0C-2 ‘Dttawa Sand 1.1 12 g53 102
Lab Quality Controls
SB1 Ottawa Sand 1.1 12 893 109
TB1 Process Blank 11 12 883
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